Consumption of functional foods based on extracts from selected herbs to alleviate hypertension is an increasingly common practice in China. Adulteration of these foods with pharmaceuticals can significantly impact a consumer's health. To control the quality of the functional foods effectively, a method for the simultaneous determination of 10 common adulterants including chlortalidone, hydrochlorothiazide, indapamide, metoprolol, nifedipine, nimodipine, nitrendipine, reserpine, triamterene and valsartan in antihypertensive functional foods was developed. The target chemicals in samples were ultrasonically extracted with acetonitrile, and then cleaned-up with multi-walled carbon natotubes-dispersive solid-phase extraction. Finally, the analytes were separated with a C18 column using binary mobile phases consisting of acetonitrile and 0.03 mol/L KH 2 PO 4 solutions ( pH 3.0). The flow rate of the mobile phase was 0.80 mL/min, and the column temperature was 358 8 8 8 8C. The detection wavelength was set at 220 nm. The limits of detection and quantification of the method ranged from 0.014 to 0.053 and 0.047 to 0.178 mg/mL, respectively. The recoveries of the method were in the range of 80.1 -98.1% with relative standard deviations <9.53%. The method was successfully applied to the determination of the target chemicals in real samples and simulated samples, and respirine was detected in one tonic wine sample with a concentration of 56.8 + + + + + 1.2 mg/L.
Introduction
Extracts from traditional Chinese herbs such as pueraria lobata, eucommia ulmoides, ginko biloba, rhizoma coptidis and rhizoma gastrodiae are ingredients of antihypertensive functional foods (1) . Some producers adulterate these functional foods by adding antihypertensive chemicals to enhance the efficacy of their products.
Antihypertensive chemicals can be divided into several types according to their different pharmacological mechanisms. Diuretics including hydrochlorothiazide (HCT), chlortalidone (CTD), triamterene (TAT) and indapamide (IDP) inhibit the reabsorption of sodium in the renal tubules, causing an increase in the excretion of urinary sodium and a decrease of plasma volume, as well as extracellular fluid volume (2) . Calcium channel blockers such as nifedipine (NDP), nitrendipine (NTDP) and nimodipine (NMDP) are chemicals that disrupt the movement of Ca 2þ through calcium channels (3) . Metoprolol (MTR) as a beta 1-receptor blocker competes with adrenergic neurotransmitters such as catecholamines for binding with b1-adrenergic receptors in the heart, resulting in a decrease in heart rate, cardiac output and blood pressure (4) . Reserpine (RSP) is one type of a-2 agonist which inhibits the uptake of norepinephrine into storage vesicles resulting in the depletion of catecholamines and serotonin from central and peripheral axon terminals (5) . Valsartan (VST), an angiotensin II receptor antagonist, lowers blood pressure by antagonizing the renin-angiotensin -aldosterone system and competes with angiotensin II for binding to the type-1 angiotensin II receptor subtype and prevents the blood pressure increasing effects of angiotensin II (6) . Because these chemicals are less expensive, more stable and effective than the active ingredients of Chinese herbs, they were illegally added into antihypertensive functional foods by some producers. Overdosage of these antihypertensive chemicals from the adulterated functional foods could lead to severe consequences (7) .
Methods for the determination of some of these chemicals have been reported in tablets by high-performance thin-layer chromatography (8) , and in human urine by micellar electrokinetic capillary chromatography (9) . Capillary zone electrophoresis has been reported for the determination of the b-blocker atenolol and several complementary antihypertensive agents in pharmaceutical formulations (10) , as well as HCT in Chinese herb medicine and urine (11) . Multi-walled carbon nanotubes modified electrode was prepared and applied for adsorptive stripping voltammetric determination of HCT (12) . Belal et al.
(13) established a high-performance liquid chromatography for simultaneous determination of celiprolol and chlorthalidone in tablets and biological fluids and Delamoye et al. (14) reported gradient high-performance liquid chromatography with photodiode-array UV detection for simultaneous determination of 13 b-blockers and one metabolite. Liquid chromatographymass spectrometry has been widely used in the analysis of these chemicals due to its satisfactory selectivity, sensitivity and unique qualitative ability compared with other methods (15 -18 ). Yet there have been no analytical methods reported for simultaneous determination of the aforementioned chemicals in functional foods.
Current sample pretreatment methods for these chemicals include liquid-phase extraction (19) , solid-phase extraction (SPE) (20) , liquid-phase microextraction (21) , solid-phase microextraction (22) and dispersive SPE (23) . In recent years, carbon nanotubes have drawn great attention due to their unique tubular structures as well as excellent properties such as extremely large surface area and thermal stability. They have been utilized in adsorption of many organic chemicals. Multi-walled carbon nanotubes (MWCNTs) were powerful adsorbents for organic pollutants such as phenols (24) , phthalate esters (25) , chlorobenzenes (26), dichlorodiphenyl -trichloroethane (27) , chlorophenols (28) and dicamba herbicide (29) in water samples as well as organometallic compounds (30) , sulfonamides (31), barbiturates (32) in food products.
In this study, a novel method of the multi-walled carbon nanotubes-dispersive SPE (MWCNTs-d-SPE) combined with HPLC-UV was established for determination of trace antihypertensive chemicals in functional foods. The factors affecting the MWCNTs-d-SPE procedure including extraction solvent, extraction time, amounts of MWCNTs, washing solution and elution solution were optimized. Compared with C18 SPE, MWCNTsd-SPE obtained more satisfactory recoveries. The proposed method has been successfully applied to the determination of aforementioned 10 adulterants in antihypertensive functional food samples.
Experimental
Reagents and materials HCT, CTD, MTR, TAT, IDP, RSP, NDP, VST, NTDP and NMDP standards ( purity .99.0%) were purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). Table I presents the chemical structures and the log P and pKa of these chemicals. Acetonitrile (HPLC grade) was purchased from Sigma-Aldrich (SigmaAldrich, USA). Methanol (HPLC grade), acetone, dichloromethane, phosphoric acid, potassium dihydrogen phosphate and glacial acetic acid ( purity 99.5%) were purchased from Damao (Tianjin Damao Chemical, Tianjin, China). Water used in the experiment was from a Millipore pure water system (18.2 MV . cm, Millipore, USA).
MWCNTs with average external diameters 8-15 nm and purity .95% was purchased from R&D Center of Carbon Nanotubes, Chengdu Organic Chemicals Co. Chinese Academy of Sciences. The length of the MWCNTs was 50 mm, with the specific surface area of .233 m 2 /g. Before use, MWCNTs was dried at 1008C for 2 h.
The stock solution of each standard was prepared individually in methanol at 1.00 mg/mL and stored in refrigerator at 48C. Standard solutions for all 10 analytes were prepared at seven different concentrations (0.10, 0.40, 1.00, 4.00, 20.0, 50.0 and 100 mg/mL) by diluting the stock standard solutions with methanol. The mixed stock solution could be stable for at least 3 months at 48C.
Instrumental
High-performance liquid chromatograph system (Ultimate 3000, Dionex, USA), equipped with a variable wavelength detector (VWD-3100), dual ternary pumps (DGP-3600SD), a degasser (SRD-3600), an autosampler (WPS-3000SL ANALYTICAL) and an RS column compartment (TCC-3000RS). Other instruments involved in sample preparation include analytical balance (BS110S, Sartorius, Germany), centrifuge (TGL-16B, Anke, Shanghai, China), ultrasonic cleaner (KQ-250, Dianshanhu Instrument, Kunshan, China), vortex mixer (Yamato MT-5, Japan). SPE was operated on a 12 port vacuum manifold (Supelco, Bellefonte, PA, USA).
Samples
Antihypertensive functional food samples included a tea substitute (Suizhou, China), a tonic wine (Hefei, China) and two capsule samples (Jinan and Zhengzhou, China).The ingredients of all the antihypertensive functional food samples are declared to be extracts of traditional Chinese herbs. As identified on the label, the main ingredients of the tea substitute were the extract of ginkgol biloba L and pine needles, pueraria and semen cassiae. The main ingredients of the tonic wine except alcohol (42%) and water were ginkgo biloba extract (ginkgo flavone) and pueraria (isoflavone). The main ingredients of one capsule sample were eucommia, pueraria (isoflavone), cordyceps sinensis (cordyceps polysaccharide) and polyrhachis vicina roger and the main ingredients of another capsule were sophora flower bud, chrysanthemum, flos sophorae and witloof. All of the samples were purchased from the local drug stores (Chengdu, China). Fifteen simulated functional food samples including five capsule samples, five tea substitute samples and five tonic wine samples prepared in the lab for validation of the established method. The main ingredients of the simulated tea substitute and capsule samples were mainly ginko biloba extract (ginkgo flavone), chitosan, medlar extract (barbury wolfberry fruit P.E.), lucid ganoderma (ganoderma lucidum polysaccharide) and cordyceps sinensis (cordyceps polysaccharide). The main ingredients of simulated tonic wines were alcohol (38 42%, w/v) and cartialgenous, ginseng (ginseng saponin), fleece-flower root (Lecithin, Emodin).
Ultrasonication extraction
Shelled capsule and tea substitute samples were ground and blended. Two grams of sample was placed into a 50-mL plastic centrifuge tube with stopple and immersed in 8 mL of acetonitrile. The obtained mixture solution was ultrasonically extracted for 15.0 min at room temperature, filled to volume (10 mL) with acetonitrile and then centrifuged at 5,000 rpm for 10 min. The supernatant was used for further MWCNTs-d-SPE clean-up. The wine sample was directly centrifuged at 5,000 rpm for 10 min and the supernatant was used for MWCNTs-d-SPE clean-up.
MWCNTs-d-SPE procedure
Two milliliters of sample solution and 6 mL water were transferred to a 10-mL plastic centrifuge tube and well mixed. For the recovery experiment, an aliquot of mixed standard solution was added, and then the mixture solution was vortex mixed for 1 min. Afterwards, 20.0 mg of MWCNTs was added. After shaking for 2 min, the suspension was centrifuged at 5,000 rpm for 5 min. The supernatant was discarded, and 3.00 mL of methanol-water (3:7, v/v) was added. Then the tube was vortex mixed for 2 min and centrifuged at 5000 rpm for 2 min, and the supernatant was discarded. Subsequently, 5.00 mL of methanol-4% phosphoric acid (96:4, v/v) was added, then the tube was vortex mixed for 2.0 min. The supernatant (4.8 mL) was evaporated by rotary evaporator at 508C and reconstituted in 300 mL methanol. The resulting solution was centrifuged at 12,000 rpm for 5 min and 5.0 mL of the solution was injected into HPLC.
The chromatographic conditions
The separation was performed on a phenomenex w Luna C18 column (250 mm Â 4.6 mm, 5 mm) (Phenomenex, Torrance, CA, USA) with a phenomenex w guard column (4 mm Â 3 mm i.d.) (Phenomenex, Torrance, CA, USA) using binary mobile phases consisting of acetonitrile (A) and 0.030 mol/L KH 2 PO 4 solution ( pH 3.0) (B). The gradient elution program was as follows: 28% A for 5 min; and then 28 -80% A over 15 min; 80% A for 7 min; and finally 28% A and kept for 7 min to rehabilitate the column (total runtime ¼ 34 min). The flow rate was set at 0.8 mL/min and the column temperature was 358C. The detection wavelength was set at 220 nm and the injection volume was 5 mL. Chromeleon w Chromatographic Data System was used to control the chromatographic units, as well as to acquire and process chromatographic data.
Comparison of C18 with MWCNTs C18 was used widely as SPE adsorbent (33, 34) , so we compared C18 with MWCNTs as adsorbent for their recovery rates in C18 dispersive SPE and MWCNTs-d-SPE modes. The C18 dispersive SPE procedure was the same with MWCNTs-d-SPE.
Recovery comparison of MWCNTs-d-SPE with MWCNTs SPE
We also compared the recoveries of MWCNTs-d-SPE with those of MWCNTs SPE. The MWCNTs-packed cartridge was prepared in the following step: 20 mm polypropylene lower frit was placed at the bottom of a new bare tube (6.0 mL), 200 mg MWCNTs was packed, then 20 mm polypropylene upper frit was placed on the top. The flow rate of the solution was maintained at 0.5 -1.0 mL/min under vacuum conditions. The MWCNTspacked cartridge was conditioned with 10 mL acetonitrile and 10 mL water in sequence. Ten milliliter of acetonitrile water solution (1:3, v/v) containing 1.00 mg/mL mixed standard solution was passed through the cartridge, then the cartridge was vacuum dried and finally eluted with 5 mL methanol-4% phosphoric acid solution (96:4, v/v). The eluent was evaporated by rotary evaporator at 508C, and the residue was reconstituted in 300 mL methanol for HPLC analysis.
Method performance
Linearity ranges, limits of detection and limits of quantification A mixed standard series containing 0.10, 0.40, 1.00, 4.00, 20.0, 50.0 and 100 mg/mL was prepared. All the statistical calculations were performed using Microsoft Excel 2007. The peak area (Y) and the concentration (X) were fitted using linear regression to calculate the regression equations and their correlation coefficients. The limits of detection (LODs) were calculated as three times the signal-to-noise ratio (S/N ¼ 3) and the limits of quantification (LOQs) were calculated as 10 times the signal-to-noise ratio (S/N ¼ 10).
Accuracies
The recovery test was performed with simulated samples (including five simulated capsule samples, five simulated wine samples and five simulated tea substitute samples), which were spiked at 1.00 mg/kg, 8.00 mg/kg and 20.0 mg/kg. The spiked samples were analyzed, and the recoveries were calculated by comparing the measured concentrations to the spiked concentrations. Each sample was repeated in triplicate.
Precision
The precision of the method was expressed in relative standard deviations (RSDs). The intra-day precision was evaluated by pretreatment and analysis of the same sample within a day in triplicate. The inter-day precision of the method was evaluated according to the data acquired in 6 days.
Results

Optimization of chromatographic conditions
The maximum absorption wavelengths of 10 analytes measured by UV-VIS spectrophotometer ranged from 210 to 230 nm as shown in Figure 1 . It was observed that high background and baseline shift would occur when methanol was utilized as the component of mobile phase. So acetonitrile was chosen, because it has low cut-off wavelength (190 nm) and low viscosity. Acetonitrile could give satisfactory separation for the 10 analytes with a stable baseline and short balance time. Considering sensitivity and matrix interference and the optimum absorption wavelength of the analytes, 220 nm was selected as the detection wavelength of all the analytes.
Due to the similarity of chemical structures and properties of some antihypertensive chemicals, the separation of some of the chemicals, for instance NDP, VST, NTDP, NMDP, was rather difficult, especially when one component was in much higher concentration than the others. Therefore, isocratic elution was not feasible for the separation of the target chemicals. The HPLC conditions were optimized via changing the elution gradient for the baseline separation of the 10 target chemicals.
Considering the effect of column temperature, pH of the mobile phase, as well as the concentration of the buffer solution, a programmed gradient elution was adopted. Besides, the injection volume was set at 5 mL. The chromatographic peaks were obviously broadened when the injection volume was 10 mL. Figure 2 presents the typical HPLC chromatograms of the 10 anti hypertensive chemicals.
Optimization of sample pretreatment
Ultrasonication extraction
All of the target chemicals are soluble in polar organic solvents (i.e., methanol, acetonitrile and ethyl acetate). Therefore, extraction solvents including methanol, acetonitrile, methanol -acetonitrile solution (1:1, v/v), and methanol -acetic acid -water solution (1:1:1, v/v), were investigated. The experimental results, shown in Figure 3 , demonstrated that acetonitrile exhibited the best performance, giving higher extraction efficiencies ranging from 74.9 to 96.5% for all of the analytes. Methanol could give satisfactory extraction rates (ranging from 76.4 to 102%) for all of the analytes but IDP (50.3%). Accordingly, acetonitrile was chosen as the extraction solvent throughout the experiment.
MWCNTs-d-SPE procedure
The MWCNTs with average external diameters (8 -15 nm) were used as sorbents in MWCNT-d-SPE. The experimental conditions have been carefully optimized to achieve satisfactory enrichment, clean-up performance and good recoveries. All optimization experiments were repeated six times, and RSDs were all ,3.5%.
Loading
All of the target chemicals are medium polar compounds and MWCNTs are non-polar absorbent. According to the general procedure of SPE, sample solution (acetonitrile) should be mixed up with proper amount of water before MWCNTs-d-SPE to increase the polarity and thus make target chemicals be retained on the surface of MWCNTs. The effect of ratios of acetonitilewater solution (1:9, 2:8, 3:7, 4:6, 5:5, v/v) on adsorption rates were investigated. The experimental results showed that the absorption rates for all of the analytes were .95.2% when acetonitrile content was ,30%, indicating almost all the analytes could be retained on MWCNTs. The absorption rates of MTR and CTD dropped to 57.4 and 54.2%, respectively, when the acetonitile -water increased to 4:6 (v/v). So before loading, 2 mL of the sample solution (acetonitrile) was mixed with 6 mL of water to make the acetonitrile content ,30%.
According to the experimental results, the MWCNTs could give acceptable adsorption rates for all the target chemicals without pH adjustment. The adsorption rates of all 10 antihypertensive chemicals were .95.2%. The results were similar to the report from Wang (35) . Therefore, all the sample solutions were MWCNTs-d-SPE treated directly without adjusting their pH.
The effect of equilibrium time on the adsorption rate was studied for acetonitrile -water solution (1:3, v/v) at different vortex time (1, 2, 3, 5 and 10 min). The results indicated that vortex time longer than 2 min could give the highest adsorption rates for all of the target chemicals. It was in accord with the reports from Shen et al. (36) and Hou et al. (37) , who both found that adsorption equilibrium of aromatic compounds onto MWCNTs was relatively quick. Accordingly, the vortex time was set at 2 min for the subsequent experiments.
The effects of the amounts of MWCNTs (5, 10, 15, 20, 40 mg) on adsorption rate were compared at a spiked concentration of 1 mg/mL in acetonitile -water solution (1:3, v/v) using 2 min vortex time. We can see from Figure 4 that the adsorption rates were improved as the amount of MWCNTs increased from 5 to 20 mg for all of the 10 target chemicals. When 20 mg MWCNTs was used, the adsorption rates of the 10 chemicals almost reached to 100%. So 20 mg of MWCNTs was used as sorbent throughout the experiment.
Washing and elution
It is important to wash the co-adsorbed species away from the MWCNTs with appropriate solution, while the analytes must be kept on the MWCNTs before the analytes were eluted. The effect of methanol proportion in washing solution was studied using different proportions of methanol -water (1:9, 2:8, 3:7, 4:6, 5:5, v/v). As expected, when the methanol proportion increased, the loss rates of the analytes would increase. It was found that methanol-water (3:7, v/v) generated no loss except HCT and CTD (2.5 and 2.9%, respectively). The loss rates of HCT and CTD would increase to 15.1 and 12.6% when 4:6 (v/v) methanol -water was utilized. Hence, 2 mL of methanol -water (3:7, v/v) was used to wash the co-adsorbed impurities.
Considering toxicity and polarity of solvents, five organic solvents including acetonitrile, methanol, acetone, dichloromethane and methanol-dichloromethane solution (1:1, v/v) were studied for their elution efficiencies. Figure 5 shows the elution efficiencies of the different elution solutions. Methanol exhibited satisfactory elution efficiencies for all the analytes except TAT whose elution efficiency was 51.0%. Other elution solvents were not eligible due to their low elution efficiencies. Therefore, methanol was selected as the elution solvent in the following studies.
The pH of elution solvent affected the elution efficiencies greatly. In order to evaluate the effect of methanol with different proportions of phosphoric acid -water solution, a series of experiments were designed based on changing the proportion of methanol and 4% phosphoric acid solution (98:2, 96:4, 94:6 and 92:8, v/v). The experimental results demonstrated that when the proportion of 4% phosphoric acid solution was 4%, the elution efficiency of TAT increased from 51.0 to 89.2%, while the elution efficiencies of other analytes were not influenced. So methanol-4% phosphoric acid (96:4, v/v) was used as elution solution.
The volume (1 -10 mL) of methanol-4% phosphoric acid (96:4, v/v) was carefully investigated. Figure 6 shows elution efficiency with different volume of the elution solution. It was found that 5.0 mL of methanol-4% phosphoric acid (96:4, v/v) could elute all of the analytes satisfactorily (elution efficiencies ranging from 93.1 to 104%).
Comparison of C18 with MWCNTs
We can see from Figure 7 that the recoveries of C18 as adsorbent were slightly higher than those of MWCNTs for MTR and CTD, but its recoveries for HCT (4.73%), RSP (27.6%) and IDP (31.2%) were too low, whereas the recoveries of HCT, RSP and IDP could reach 99.5, 94.9 and 100%, respectively, for MWCNTs-d-SPE. A statistical T-test was carried out for the recoveries of the two pretreatment methods and the P , 0.05 for HCT, RSP and IDP, while P . 0.05 for others, which indicated that the overall recoveries of MWCNTs-d-SPE were significantly higher than those of C18 SPE method.
Recovery comparison of MWCNTs-d-SPE with MWCNTs SPE
The recoveries for the MWCNTs SPE cartridge were all ,10.4% for the 10 target chemicals, compared with 81.1-102.5% for the MWCNTs-d-SPE mode, indicating that MWCNTs-d-SPE mode was superior to MWCNTs SPE cartridge.
Method validation
Linearities, LODs and LOQs
The linear ranges, LODs and LOQs were summarized in Table II . Good linear correlation coefficients (r ! 0.997) were obtained in the range of 0.1 -100 mg/mL for TAT, HCT, CTD, RSP, NDP and NTDP and 0.2 -100 mg/mL for MTR, IDP VST and NMDP. The LODs of the 10 analytes ranged from 0.014 to 0.053 mg/mL, while LOQs were 0.047-0.178 mg/mL.
Precision
The RSDs (n ¼ 3) of the intra-day were all ,6.6%, and the RSDs of the inter-day were ,8.5%, which are acceptable according to the AOAC guidelines for standard method performance requirements (http://www.eoma.aoac.org/app_f.pdf ).
Matrix effect
It is well known that the matrix of functional food sample is quite complex, which can affect the separation of the analytes. Figure 8 shows the chromatograms of a capsule sample with matrix of traditional Chinese medicine before ( Figure 8A ) and after MWCNTs-d-SPE procedure ( Figure 8B ). It can be observed that the optimized pretreatment procedure coupled with HPLC-UV could give a chromatogram without obvious interferences. Table III summarizes the mean recoveries for three different samples. It can be seen that the average recoveries of the target chemicals at three levels were in the range of 80.1 to 98.1%, with all the RSDs ,9.53%. Figure 8C shows the chromatogram of a spiked capsule sample with the matrix of traditional Chinese herb after MWCNTs-d-SPE pretreatment.
Accuracies
Applications of the method
The developed method was applied to analyze four real samples. RSP was detected in a tonic wine sample, with the content of 56.8 + 1.2 mg/L. No other target chemicals were detected in all of the samples.
Discussion
Up to now, there are no reports on MWCNTs as adsorbent material for dispersive SPE clean-up of antihyerpensive chemicals in functional foods. Even C18 adsorbent could give satisfactory recoveries for majority of the antihyerpensive chemicals studied, but we found that the overall recoveries of MWCNTs-d-SPE were higher than those of C18 d-SPE.
Conventional SPE column using MWCNTs as adsorbent is not suitable for the pretreatment of the target chemicals. The reason may be that the hexagonal arrays of carbon atoms in graphene sheets in MWCNTs structures have strong interaction with the benzene ring of the analytes. Moderate elution method adopted by SPE could not elute the analytes from MWCNTs, while vortex agitation could provide sufficient contact between elution solvent and analytes so as to achieve phase equilibrium quickly, beneficial for their elution from MWCNTs, so could get satisfactory elution rates.
Under the optimized MWCNT-d-SPE conditions, the pretreatment procedure was simple and fast. The time required for the sample pretreatment of one sample was only about 30 min, whereas C18 SPE method would spend at least 60 min. 
